Abstract Salivary duct carcinoma (SDC) has a poor prognosis owing to the high incidence of distant metastasis. Approximately 40 % of SDCs are positive for human epidermal growth factor receptor 2 (HER2), suggesting that anti-HER2 therapy for cases with distant metastasis may be effective. However, the pathological response of SDC metastases to anti-HER2 therapy has not been reported. A 44-year-old man was diagnosed with HER2-positive SDC of the submandibular gland with multiple distant metastases. After six cycles of trastuzumab/docetaxel therapy, the patient achieved clinical partial response for the primary tumor and complete response for the neck and distant metastases. Subsequently, the patient underwent submandibular gland resection and neck dissection. On histopathological examination, very few viable cancer cells were identified in the resected primary tumor. Unfortunately, the patient died of multiple distant metastases 12 months after initial treatment. Trastuzumab/docetaxel therapy can elicit a clinical and pathological response in HER2-positive SDC.
Introduction
Salivary duct carcinoma (SDC) is a rare malignant tumor accounting for 9 % of all malignant salivary tumors; it has been defined as ''an aggressive adenocarcinoma that resembles high-grade breast ductal carcinoma'' [1] . SDC is classified as a high-grade malignancy and has a poor prognosis, with a mortality rate of more than 60 % [2] ; the effects of chemotherapy for this disease have been limited [3] . Human epidermal growth factor receptor 2 (HER2) is overexpressed in 20-40 % of SDCs, a significantly higher rate than that expressed in other malignant salivary tumors [4] [5] [6] [7] . Recently, the efficacy of the HER2 inhibitor, trastuzumab, in treating SDC has been reported [8, 9] . Here, we report a case of HER2-positive SDC in the submandibular gland and the pathological response of that SDC to trastuzumab/docetaxel therapy.
Case report Clinical course
A 44-year-old man who had been diagnosed with submandibular adenocarcinoma at another hospital visited our institution. He had noticed a hard mass in his right submandibular gland 8 months earlier, and had experienced lumbago since 2 months prior to his diagnosis. He had no complicating disease. His Eastern Cooperative Oncology Group (ECOG) performance status (PS) was 0, and he exhibited no organ function or blood evaluation
abnormalities. Positron emission tomography-computed tomography (PET-CT) revealed high fludeoxyglucose (FDG) uptake in the neck, lungs, liver, and bone ( Fig. 1 ).
On reviewing a primary submandibular gland tumor specimen collected from the patient at another hospital, we observed an eosinophilic granular matrix with a growth pattern characteristic of dysplastic epithelium, as well as large nuclei and clear nucleoli (Fig. 2a) . Immunohistochemistry [IHC; PATHWAY anti-HER2/neu (4B5), Roche Diagnostics, Penzberg, Germany) indicated positive staining for HER2 protein (Fig. 2b) , and fluorescence in situ hybridization (FISH; FISH HER2 PharmDx, Dako, Glostrup, Denmark) revealed that the HER2/centromere probe of chromosome 17 (CEP17) ratio was 2.6, indicating HER2/neu gene amplification. The IHC staining score was 3?, according to the guideline of ASCO/CAP [10] . Based on these findings, we diagnosed the patient with submandibular HER2 positive salivary duct carcinoma stage T3N2bM1. The patient received six cycles of trastuzumab (8 mg/kg loading dose, followed by 6 mg/kg triweekly) and docetaxel (70 mg/m 2 , triweekly) therapy in addition to zoledronic acid. This regimen was selected according to the regimen for metastatic HER2 positive breast cancer that had been approved by our institutional review board. Adverse events included grade 4 leukopenia and neutropenia, grade 1 anemia, hypocalcemia, edema, and appetite loss.
Five months after initiation of trastuzumab/docetaxel therapy, PET-CT revealed FDG uptake only in the submandibular gland and not in the areas of distant lesions (Fig. 3) . Thus, the patient exhibited a partial response in the submandibular gland and a complete response in the neck and distant metastases. Subsequently, use of trastuzumab/docetaxel therapy was discontinued in accordance with the patient's wishes. We therefore performed a submandibular gland resection and neck dissection for locoregional control. Figure 4 illustrates the histopathology of the primary tumor and neck lymph node metastases after trastuzumab/docetaxel therapy. Very few viable cancer cells were identified in the primary tumor (Fig. 4a, b) . HER2 protein expression was identified only in viable cancer cells, whereas it was absent in other lesions (Fig. 4c, d) . No cancer cells were identified in the cervical lymph nodes.
The patient received postoperative concurrent chemoradiotherapy comprising weekly docetaxel administration (10 mg/m 2 ); however, brain metastases developed and chemoradiotherapy was discontinued. The patient died of multiple brain, lung, and liver metastases 12 months after the initial treatment, following a progression-free survival interval of 6.3 months.
Discussion
This is the first case report to show a pathological response of HER2-positive SDC to trastuzumab/docetaxel therapy. A high incidence of HER2 or androgen receptor positivity has been reported in SDCs [1, [4] [5] [6] 11] . HER2 positivity is a strong prognostic factor for breast carcinoma [12] , and On immunohistochemistry, the HER2 protein was identified only in viable cancer cells, and was absent from other lesions the efficacy of trastuzumab, a monoclonal HER2 antibody, for HER2-positive breast carcinoma has been established [13] . Approximately 20-40 % of SDC cases are HER2-positive as determined on IHC and FISH [4] [5] [6] [7] . Similar to breast carcinoma, HER2-positivity has been reported to be a prognostic factor for SDC [7, 11] , but recent reports have contradicted this claim [4] [5] [6] , demonstrating that trastuzumab mono-therapy for HER2-positive SDC is not effective [14] . Combined therapy regimens consisting of trastuzumab and cytotoxic agents such as docetaxel, paclitaxel, or carboplatin are more effective compared to cytotoxic agent monotherapy [8, 9] .
The current patient exhibited distant metastases at the initial visit, but achieved complete response in the neck and distant metastases by using trastuzumab/docetaxel therapy. Among patients with aggressive breast cancer subtypes, a pathological complete response achieved by preoperative chemotherapy is predictive of a better prognosis. In addition, a histological evaluation after preoperative chemotherapy is recommended to confirm the treatment effect and predict prognosis [15] . Therefore, a pathological examination of SDC after chemotherapy might be considered during treatment. However, the patient developed brain metastases during postoperative chemoradiotherapy for the loco-regional site, and died. One report suggests that anti-HER2 therapy might increase the lifespan of patients with recurrent or metastatic disease [9] . As residual HER2-positive cells were identified in the resected tissue of the patient described in this case, continuation of anti-HER2 therapy may have resulted in the prolongation of his life.
Several case series have reported the efficacy of anti-HER2 therapy [7, 8] ; however, studies with a large sample size and randomized controlled studies are lacking. In addition, previous studies of anti-HER2 therapy included cases with 1-3? HER2 positivity on IHC or those that were not analyzed using FISH and some reports have indicated that the concordance rate of HER2-positivity on IHC and FISH for SDC was lower than that for breast cancer [7, 16] . For these reasons, more research is necessary to establish the utility of anti-HER2 therapy for SDC. Further multi-institutional studies to evaluate the efficacy of anti-HER2 therapy are needed.
Compliance with ethical standards
Conflict of interests All authors state that they have no potential conflicts of interest to disclose.
Statements of human rights For this type of study, formal consent is not required.
Informed consent Informed consent was obtained from the patient included in this report. This study was supported in part by JSPS Grants-in-Aid for Scientific Research (C) to Y. Tada (No. 15K10823).
